ABSTRACT. This study was performed in order to evaluate the effect of dried yeast from sugar cane when replacing soybean meal in dairy heifers' diets. Twenty-four heifers, with an initial body weight (BW) of 178 kg, were distributed in a completely randomized design. The treatments were four levels of inclusion of dried yeast from sugar cane replacing to soybean meal (0, 33, 67 and 100% on a dry matter (DM) basis). While there was no difference in DM, neutral detergent fiber (NDF), metabolizable energy or roughage intakes, the intakes of non-fiber carbohydrates and concentrate were increased. The crude protein intake decreased according to the dried yeast from sugar cane when replacing soybean meal. The digestibility coefficients of DM and NDF showed no difference. Replacement of soybean meal with dried yeast from sugar cane had no effect on performance, because average daily gain and body measurements studied were similar for all animals and inclusion levels. Soybean meal can be completely replaced with dried yeast from sugar cane in diets for growing dairy heifers without restrictions; this will not affect the intake, digestibility, physical development of animals or metabolization of protein compounds.
Introduction
Animal performance is defined as the voluntary feed intake in sufficient quantities to meet animal maintenance and production requirements. Weight gains above 800 g day -1 in heifers are commonly seen in highly technified milk production systems to offset high production costs during the growth phase. However, even with the use of new production technologies, the imbalance between energy and protein still represents one of the major concerns in dairy cattle diets. The unbalanced ratio between energy and protein leads to several problems, such as excessive fat accumulation in the mammary gland rather than the parenchymal tissue, which cause a deleterious effect on production by future dairy cows (National Research Council [NRC], 2001) .
Over the years, great efforts have been made regarding the evaluation of different protein sources to be used as a replacement for soybean meal in dairy cow diets. According to Costa, Souza, Saliba and Carneiro (2015) , there are many agro-products derived from sugar cane, as an alternative food source, which can be widely used for animal nutrition. In this context, dried yeast from sugar cane has been suggested as a potential substitute for soybean meal, mainly due to its price and chemical composition, which comprises approximately 41% of CP composed of 80% of amino acids, 12% of nucleic acids and 8% of ammonia nitrogen , and is totally degradable in the rumen (Marcondes et al., 2009) . Moreover, approximately 7% of the total nitrogen occurs as free amino acids, such as non-protein nitrogen. Dried yeast is currently available at a price that is comparable to soybean meal mainly because non-ruminant nutrition uses this by-product as a source of lysine (Ramos, Birchal, Seara, Pereira & Alvisi, 2011) ; however, the growing demand for renewable fuels tends to make prices of dried yeast more attractive for use in ruminant nutrition.
There are a few studies on dried yeast inclusion from sugar cane in ruminant diets, some of which have shown that it can be used as a protein source to replace either soybean meal in diets for dairy cows (Freitas et al., 2015) , cottonseed meal in diets for heifers (Prado, Martins, Alcalde, Zeoula & Marques, 2000) or cottonseed processing residue for Nellore steers (Messana et al., 2009) . Moreover, it has also been reported that dried yeast from sugar cane can replace soybean meal in diets for growing, finishing and lactating goats . Therefore, given the lack of information regarding the inclusion of dried yeast from sugar cane, then, this study was developed to evaluate the replacement of soybean meal with dried yeast from sugar cane in the diet of dairy heifers.
Material and methods
The experiment was conducted at the dairy cattle research facility in the Universidade Federal de Viçosa, Brazil. Twenty-four purebred and crossbred Holstein heifers, with an average initial body weight (BW) of 178 kg, were assigned in a completely randomized design, comprisin four treatments and six replications, with 12 Holstein and 12 Holstein × Zebu crossbreds. The care procedures for each heifer were approved by the Animal Ethics Committee of the Universidade Federal de Viçosa, registered under protocol number 26/2013. Heifers were kept in a tie-stall and housed in a covered individual pen with an individual feeder and automatic drinker. Animals were initially weighed and de-wormed prior to the beginning of the experiment.
Heifers were subjected to a period of 28 days of adaptation and an 84-day experimental period (three periods of 28 days each) for the evaluation of animal performance. The heifers were weighed at the beginning of the experiment and then every 28 days. Height at the wither and the hip, heart girth, breast breadth, hip width, body length and average daily gain (ADG) were measured using a graduated scale and a metal measuring tape. Body measurements were obtained with the animals standing with foreand hindquarters perpendicular on a flat floor.
Experimental diets consisted of four levels of soybean meal (51.0% of CP) replaced with dried yeast from sugar cane (45.5% of CP) in the following proportions: 0, 33, 67 and 100% on a dry matter (DM) basis, with corresponding yeast levels of 0.0, 5.2, 10.3 and 15.5% in the total diets, and 0, 30.3, 60.6 and 90.9% in the concentrate diets. Diets were formulated according to NRC (2001) in order to be isonitrogenous and allow for a gain of 0.80 kg day -1
. Urea was used to maintain the diets with the same proportion of protein (Table 1) .
Heifers were fed twice a day (50% at 08 hours and 50% at 16 hours) on corn silage ad libitum and 1 kg (natural matter basis) of concentrate per heifers. The diets were composed of 83% roughage and 17% concentrate (DM basis). Diets were fed as a total mixed ration. Every day before feeding, the orts of each animal were removed and weighed, with the relevant data recorded. The DM intake was determined by the difference between the weight of feed supplied and unconsumed. The digestion trial was conducted once during the second experimental period. The external markers, chromic oxide (Cr 2 O 3 ) and titanium dioxide (TiO 2 ), were supplied over 11 days (five days before initial fecal collections for adaptation). Feces were collected over six consecutive days at intervals of 26 hours (from day 12 to day 17) and at different collection times (08 hours on the first day). Samples were collected directly from the rectum of the heifers, placed in labeled plastic bags and stored at -20°C. At the end of the digestion trial, fecal samples were thawed, weighed and dried in a forced air oven at 55°C for 72 hours, then grounded through a 1 mm screen in a Wiley mill (model 3, During the second experimental period, urine spot samples were collected at feeding times: in the morning (08 hours) and the afternoon (16 hours). The urine was collected during spontaneous urination using pots of polyethylene held below the vagina of the heifer. Samples were mixed in equal amounts to obtain a composite sample of urine. The composite samples were homogenized and filtered, while aliquots (10 mL) were taken and diluted in 40 mL of sulfuric acid 0.036 N. Another aliquot of 50 mL was stored without the addition of sulfuric acid. Samples were frozen for further analysis of urea, total nitrogen, creatinine, uric acid and allantoin. Blood samples were collected approximately four hours after feeding using test tubes with an anticoagulant. The samples were centrifuged at 3,600 g for 20 minutes immediately after collection, while plasma samples were separated, stored in glass containers and frozen at -20°C for further analysis of the N-urea content.
Samples composed of supplied feed and orts were analyzed for DM ( (Detmann et al., 2012) . The non-fiber carbohydrates, corrected for ash and protein (NFCap), was calculated according to Detmann and Valadares Filho (2010) . The metabolizable energy (ME) was calculated according to Valadares Filho, Marcondes, Chizzotti and Paulino (2010) .
Urine was analyzed for urea, total nitrogen, creatinine, uric acid and allantoin. Total daily urine volume was estimated by dividing the daily urinary excretion of creatinine by the observed values of creatinine concentration in urine (Chizzotti, Valadares Filho, Valadares, Chizzotti & Tedeschi, 2008) . Daily creatinine excretion (CE; g day -1
) was estimated from BW as proposed by Chizzotti et al. (2007) . The nitrogen compounds were calculated as the difference between total nitrogen intake and total nitrogen excreted in feces and urine.
A mixed model analysis of variance was used on the results with regard to the yeast levels, genetic group and the interaction between them as fixed effects, with a significance level of 5% probability for type I error. The exclusion of values with Student Residue score > |2| was used whenever necessary to avoid interference from outliers. Statistical analyses were performed using the software SAS 9.4 (Statistical Analysis System. [SAS], 2014).
Results and discussion
Yeast inclusion levels showed a linear effect on CP, NFC and concentrate intakes (p < 0.05; Table  2 ). The CP intake decreased (p < 0.05), while the inclusion levels were increased. On the other hand, NFC and concentrate intake increased linearly (p < 0.05) according to the greater proportion of yeast in the diet. The genetic group interacted with the yeast inclusion level on concentrate intake. In both cases, intake increased linearly, although the increase was more marked in crossbred dairy heifers than animals from the other group.
The decrease in protein intake at the same time as the inclusion levels of yeast in the diet increased might have been caused by the lower amount of protein in yeast compared to soybean meal (45.5% vs. 51.0% of CP). However, CP values in yeast and soybean meal were different from the predictions and, even though diets contained the same amount of nitrogen, this correction with urea might not have been enough to keep intake constant. By observing the animals receiving the maximum inclusion of yeast, we found that there was no residual concentrate at the bottom of the trough because yeast has a high hygroscopicity, which made it adhere to the particles of silage and, in turn, facilitated ingestion. However, this high hygroscopicity can be inconvenient when it comes to storage and use in areas of high relative humidity.
In an experiment with crossbred heifers, when yeast was used as the only source of protein in substitution for cottonseed meal, Prado et al., (2000) found no significant difference in CP intake. Additionally, Gomes, Alcalde, Lima et al. (2014) found that yeast is a good alternative protein source to replace soybean meal in diets for lactating goats; it also does not affect the DM and nutrient intake, nor the nutritive value of diets. Otherwise, Lima, Alcalde, Freitas et al. (2012) found lower intakes of DM and CP for goats fed dried yeast instead of soybean meal. More results are, therefore, needed to qualify the effect of including dried yeast from sugar cane in dairy heifers' diets. The greater NFC intake occurred because yeast had a higher proportion of this nutrient in relation to soybean meal (46.9% vs. 16.0% of NFC).
When dairy heifers from different genetic groups are kept together in an experiment, the genetic group needs to be considered. This is because the concentrate intake has been shown to have been affected by interaction between the yeast level and the genetic group. According to Van Soest (1994) , characteristics of animal physiology, such as preference, can play an important role in the choice and selection of feeds, which are based on taste and color. In this case, along with these factors, the difference between genetic groups, which indicated differences in concentrate intake, was also noteworthy. When animals are subjected to the same diet and feeding management, it is expected that differences in intake and performance will be linked to factors inherent in the animals. Part of the variation in the ability of ruminants to consume feeds is based on genetics; however, the magnitude of its influence is hard to establish (Weston, 1982) . It was possible to observe that crossbred animals showed higher selectivity, which allowed them to ingest more concentrate compared to female Holsteins (Table 2) .
Regarding the intake of other nutrients, there was no significant effect (p > 0.05) for DM, for DM as a percentage of BW and NDF, and for NDF as a percentage of BW, EE, ME and roughage according to the inclusion levels of yeast and the genetic group (Table 2) .
Yeast inclusion levels and the genetic group did not affect ingestion of other nutrients, demonstrating that yeast inclusion overall did not cause deleterious effects on intake. The DM intake is the main nutritional factor responsible for variations in animal production (Crampton, Donefer & Lloydal, 1960) , followed by the transformation of digestible nutrients of the diet in animal product. From the voluntary DM intake, we can determine the amount of nutrients ingested and obtain estimates of the amount of animal product generated (Van Soest, 1994 ). Regardless of treatment, then, DM intake was the same and also made the ingestion of the other dietary nutrients similar. Observing animals during the experiment, we found a great acceptance of diets, even in the treatment with the maximum inclusion of yeast, which shows that yeast is a palatable food. Besides, ruminal distension and fill are directly affected by the contribution of the cell wall in the diet, while the fermentation rate depends on intrinsic characteristics of the carbohydrates; therefore, the quality of ingredients utilized in the formulation of the diets seems not to have had a large influence on intake.
The digestibility of DM and NDF showed no difference (p > 0.05; Table 3 ), while interaction between treatment and animal breed group affected ME (p < 0.05). When studied separately, however, the factors showed no significance and, as such, this interaction was not considered.
Yeast had a linear effect on the digestibility of CP, NFC and EE (p < 0.05) ( on average, respectively). Digestibility of EE, in turn, decreased linearly as the inclusion yeast levels were elevated.
It is rather difficult to measure the dietary protein digestion values, not only because of the difficulty to have animals prepared with abomasal, duodenal or ileal cannulas, but also because microbial and endogenous nitrogen is added to the protein fraction of the diet (Orskov, 1982) . Even if the fractions that reach the intestine are estimated, the hypothesis of non-variation of endogenous N would apply. Thus, based on these results, we analyzed the data by isolating the effect of the genetic group as a random effect in the model, such that it was possible to study the effect of yeast isolated. Lima, Alcalde, Gomes et al. (2012) also found no significant difference in digestibilities when soybean meal was replaced by yeast in diets for goats. The behavior presented by NFC digestibility once more demonstrates the need to study the genetic variation of animals.
The CP digestibility values, which were reported by Ezequiel, Sampaio, Seixas and Oliveira (2000) when the effect of genetic variation between animals was not considered, corroborate those found in the present study, since there was also no difference found with regards to the replacement of soybean meal with dried yeast from sugar cane in the diet for sheep.
Replacement of soybean meal with dried yeast from sugar cane had no effect on ADG and the body measures studied (p > 0.05; Table 4 ). As for weight gain in relation to height at the hip, the results differed according to the genetic group (p < 0.05).
Animals gained weight and grew similarly with the different inclusion levels of yeast and genetic groups. The DM intake is the main nutritional factor responsible for variations in animal production (Crampton et al., 1960) and, since there were no differences in DM intake, performance was also not affected by inclusion levels. Otherwise, according to Campos, Pereira, Ribeiro, Santos and Valadares Filho (2014) , increased levels of dried yeast in diets for Nellore bulls resulted in reduced intake and ADG.
As in the present study, Prado et al., (2000) found no differences in the ADG of crossbred heifers that were fed dried yeast from sugar cane instead of cottonseed meal. On the other hand, Aguiar et al. (2007) found that the replacement of corn and soybean meal with yeast in diets for sheep negatively affected animal performance in general. Additionally, Freitas, Alcalde, Lima, Macedo et al. (2011) found that dried yeast can be included in diets for goat kids without changing the quantitative characteristics of the carcass and quality characteristics of the loin and shoulder.
Body measurements, when assessed alone, do not indicate whether the body growth and physiological maturation of heifers are appropriate; however, if used along with other zootechnical parameters, they can help to evaluate the development of these animals. Furthermore, it is important to monitor animal development, since diet and growth rate have a direct effect on age at first calving as well as on productivity per day in the life of the herd. Based on these parameters, we can see that there were no significant differences in the growth pattern of dairy females fed dry yeast instead of soybean meal. Thus, the growth velocity of animals is consistent with the ADG, regardless of the yeast inclusion level, because weight gain in relation to body measures was equal between treatments.
Compared to height at the hip, the results obtained for weight gain demonstrate the importance of separately evaluating each genetic degree. Crossbred animals had a higher weight gain in relation to height at the hip, with an average 12.65 kg cm Table 4 ). This effect can be explained by the greater concentrate intake of crossbred animals (Table 2) , which elevated body growth in this variable, since the other intakes and digestibilities were similar between the genetic groups.
Yeast inclusion levels had no effect (p > 0.05) on urinary volume, plasma urea nitrogen and allantoin (Table 5 ). On the other hand, urea concentration urine decreased linealy (p < 0.05), whereas uric acid in urine showed a quadratic effect (p < 0.05) as the yeast levels increased. For the other parameters studied, such as purine derivatives, microbial nitrogen and microbial efficiency, no significant effect (p > 0.05) was observed as yeast was added.
The lack of any significant effect on urinary volume, plasma urea nitrogen and allantoin according to the yeast inclusion levels demonstrates that the utilization of these compounds remained the same because degradation and utilization of protein compounds in both sources are equal. These results are in line with Rufino et al. (2013) , who found no difference in these variables when soybean meal was completely replaced with dried yeast in lambs' diets.
Urea is the primary means of N excretion in mammals, while the concentration of blood plasma urea is well-known for reflecting inefficiency in the use of dietary CP (Broderick & Clayton, 1997) . Plasma urea nitrogen levels seem not to have reflected variations in the protein metabolism because they remained constant, even at the maximum level of replacing soybean meal with dry yeast (Table 5 ). Although plasma urea nitrogen has a high and positive correlation with dietary CP contents (Broderick & Clayton, 1997) , Van Soest (1994) reported that the amount of recycled urea is relatively independent from dietary nutrients, provided that the size of the urea pool in the bloodstream is under physiological homeostatic control, which tends to be constant. Thus, it is possible that the urea pool in the plasma was not affected by dietary nitrogen.
The ammonia absorbed by the digestive tract is converted into urea by the liver and excreted in the urine or transferred to the intestine, until it is degraded by microorganisms. For a given diet, the amount of urea recycled to the rumen, either through the saliva or through the rumen wall, is directly related to N intake and the degradability of the dietary N (Obara, Dellow & Nolan, 1991) . Thus, the CP intake reduced as the yeast in the diet increased (Table 2) , as well as reduced the amount of protein substrate to be metabolized in the rumen and consequently reduced the loss of urea in urine, even though digestibility was unchanged with the inclusion levels. According to the results found in the literature, yeast inclusion has no effect on urea excretion in the urine in young goats (Freitas, Alcalde, Lima, Zeoula et al., 2011) , sheep (Ezequiel et al., 2000) and Holstein calves (Sampaio, Vieira & Brito, 2000) .
The uric acid content in urine had a quadratic behavior, increasing and then reducing again in the treatment involving the maximum inclusion of yeast. This can be explained not only by the reduced protein intake, but also by the quadratic effect on protein digestibility in crossbreds when the genetic group was still being counted.
The microbial protein synthesis depends on the availability of carbohydrates, while N in the rumen and microbial growth is maximized by the synchronization between the availability of fermentable energy and the N degradable in the rumen (NRC, 2001 ). Thus, we can infer that, in the present experiment, there was no limitation in microbial growth for any of the diets tested, because regardless of the inclusion level, microbial efficiency in the use of N-based compounds and energy compounds was similar between the sources of protein utilized in the diets for growing dairy females.
Conclusion
Soybean meal can be completely replaced with dried yeast from sugar cane in diets for growing dairy heifers without restrictions; nor will it affect the intake, digestibility, metabolization of protein compounds and physical development of animals.
